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C BY-NC-Abstract The secondary metabolites of Penicillium janthinellum and P. duclauxii were affected by
different concentrations of cadmium nitrate, sodium chloride, and sucrose. The fungal culture char-
acteristics including mycelial fresh and dry weight, colony diameter, colony spore mass and reverse
color, number of spores, and secondary metabolites were affected as well. Cyclopenin, carlosic acid,
erythroskyrin, kojic acid, and patulin were produced by P. janthinellum on cadmium nitrate-free
medium. However, cyclopenin, carlosic acid, frequentin, and islandicin were produced at
100 ppm, and cyclopenin at 500 ppm. On the other hand, the secondary metabolites produced by
P. duclauxii were 9 on cadmium nitrate-free medium, 7 on medium containing 100 and 500 ppm
of cadmium nitrate, and 4 at 1000 ppm cadmium nitrate concentration. Secondary metabolite brev-
ianamide A was produced in the presence and absence of cadmium nitrate. The duclauxin, patulin,
terrestic acid, and xanthomegin were produced only on cadmium nitrate-free medium. However,
mycophenolic acid was produced only on cadmium nitrate-containing medium. The kojic acid
was produced by P. janthinellum at 0.0%, 0.5%, 1.0%, 2.0%, 3.0%, and 5.0% concentrations of
sodium chloride. The carlosic acid, erythroskyrin, and patulin were produced only at 0.0% and
1.0%. While carolic acid and islandicin were produced at 1%, 2%, and 3% and frequentin was
produced only at 2% and 3%. On the other hand, 8 secondary metabolites were produced by
P. duclauxii at 0.0%, 0.5%, 1.0%, and 2.0% concentration of sodium chloride and only 4 were pro-
duced at 3%. The secondary metabolites produced by P. janthinellum were 7 at 10% and 20%, 6 at64306152.
.E. Zain).
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240 M.E. Zain et al.30%, and 2 only at 40% concentrations of sucrose. However, 8 secondary metabolites were pro-
duced by P. duclauxii at 10%, 20%, 30% and 3 at 40% concentrations of sucrose.
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 Open access under CC BY-NC-ND license.1. Introduction
Secondary metabolites are compounds neither essential for
growth nor key intermediates of the organism’s basic metabo-
lism but presumably playing some other role in the life of fun-
gi. They are usually found as a mixture of closely related
molecules with a peculiar and rare chemical structure (Hawks-
worth et al., 1995). The most common are steroids, terpenes,
alkaloids, cyclopeptides, and coumarins, and some of these
are mycotoxins. The advent of thin-layer chromatography,
especially the simple technique of directly spotting thin-layer
chromatography plates with small samples of culture cut from
Petri dishes, has made it possible to qualitatively assess second-
ary metabolites much faster than by conventional extraction,
puriﬁcation, and concentration techniques (Paterson, 1986).
This improvement has resulted in huge amounts of new sec-
ondary metabolite data, which are now being incorporated
in databases (Paterson, 1986; Bridge and Hawksworth, 1990).
The pattern of secondary metabolite production has for a
long time been of great use in the identiﬁcation and classiﬁca-
tion of lichens. This pattern has been used less in the taxonomy
of ascomycetes and basidiomycetes, although it is well known
that these organisms produce a vast array of such compounds
(Carlile and Watkinson, 1994). The use of this method in fun-
gal taxonomy has been questioned because the production of
these compounds can be affected by environmental conditions
and the detection procedure presents some difﬁculties. How-
ever, its potential in ascomycete systematic is well illustrated
by the chemotaxonomic studies performed in Eurotiales
(Frisvad and Filtenborg, 1983, 1990; Frisvad, 1994), and in
xylariales (Whalley and Edwards, 1995).
On the other hand, the secondary metabolites could be af-
fected by the presence of chemical factors such as nutritional
factors, salts sugar, trace elements, and heavy metals. The ef-
fect of substrate composition on mycelial growth and sclero-
tium production in Grifola umbellate was investigated. The
induction of sclerotia of G. umbellate was affected greatly by
the type of medium, as well as by the type of carbon source
(Cheng et al., 2006). High sucrose concentrations drastically
affect fungal growth as the rate of fungal growth decrease
and the incubation period increased (Hefnawy, 1993). The ef-
fect of osmotic stress dependence on sucrose concentrations
and the production of osmosensing proteins were investigated
during citric acid accumulation by A. niger. The sucrose con-
centration affects the citric acid production of the present
strain and high sugar dependent osmotic stress induced the
tyrosine phosphorylation of the approximate 20, 27, 50, and
85 kDa proteins (Peksel and Kubicek, 2001).
A number of metals are required in minute amounts by
most living organisms for normal maintenance. Some metals
particularly the heavy metals have been found recently in rel-
atively high levels. The presence of heavy metals at high con-
centration causes lethal effect on living system including
fungi. Metals uptake varied with fungi. The toxicity of these
metals also was inﬂuenced by different factors like pH and
composition of growth medium (Saxena et al., 2006).The effect of the metal ions, as single or mixed treatments,
was observed in submerged cultures of toxigenic Aspergillus
ﬂavus or Fusarium graminearum, which produce the myco-
toxins aﬂatoxin or zearalenone, respectively. The results of en-
zyme-linked immunosorbent assay showed that the single
metal Zn+2 or Cu+2 stimulated aﬂatoxin accumulation while
Cu+2 or Fe+2 stimulated zearalenone in fungal cultures. Sin-
gle Zn+2 treatments also affected conidial differentiation and
pigmentation (Cuero and Ouellet, 2005).2. Materials and methods
2.1. Fungal strains
The investigated fungi were isolated from soil and identiﬁed at
the Regional Center for Mycology and Biotechnology, Cairo,
Egypt.
2.2. Media
For isolation, culturing, maintenance of stock cultures, and
experimental studies the Malt Extract Agar (Malt extract,
20 g; Peptone, 1 g; Glucose, 20 g; Agar, 20 g; Distilled water,
1 l) medium was used.
2.3. Fungal secondary metabolites
The secondary metabolites of the investigated fungal strains
were determined according to the method described by Pater-
son and Bridge (1994). The fungal mycelial mat was removed
and the ﬁltrate of metabolized medium was extracted with
chloroform in a separation funnel then the extract was
evaporated to dryness and then redissolved in a 2 ml volume
of chloroform. The extract sample was loaded on thin-layer
chromatography (TLC) plate (20 · 20 cm, Merck aluminum
sheet, silica gel G 60, layer thickness 0.2 mm) using volumetric
micropipette. Griseofulvin was dissolved in chloroform/meth-
anol (2:1, v/v) and was used as an external standard. The
TLC plate was developed in toluene, thylacetate, 90% formic
acid (TEF) (5:4:1, v/v/v). The TLC plates were eluted for
17 cm, removed from jar and left at room temperature till
dried. The plates were examined under the normal light, long
UV light (365 nm), short UV light (254 nm), and back under
long UV light (365 nm). The characteristics of all spots, that
is, color and Rf value were recorded. The plates were sprayed
with 0.5% (v/v) p-anisaldehyde in methanol–acetic acid-con-
centrated sulphoric acid (17:2:1, v/v/v), heated for 8 min at
105 C and re-examined.
2.4. Environmental conditions
The impact of certain environmental conditions including su-
crose, sodium chloride, cadmium nitrate concentrations, and
incubation temperature was carried out using liquid media.
Yeast extract sucrose (YES) liquid and solid media were
Table 1 Culture characteristics of P. janthinellum grown at different concentrations of cadmium nitrate.
Cadmium nitrate conc. (ppm) Culture characteristics
Mycelial weight (g100 ml) Colony diameter (cm) Color of culture No. of spores (·105)/cm2
Fresh Dry Spore mass Reverse
0 3.8 0.7 3.5 Blue Light red 88
100 2.0 0.5 1.5 Light pink Yellow 24
500 1.5 0.4 1.2 Light pink Yellow 15
1000 1.2 0.4 0.7 Light pink – 12
2000 0 0 0 – – 0
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crose (20%, 30%, 40%, 50%, 60%, 70% and 80%), sodium
chloride (0.5%, 1.0%, 2.0%, 3.0%, 5.0%, 7.0%, 10%, 13%
and 15%), and cadmium nitrate (100, 500, 1000, 2000 and
3000 ppm). The media were separately inoculated with the fun-
gal strains and incubated at 30 C for 14 days.
3. Results
Fungal strains were isolated from soil and identiﬁed at the Re-
gional Center for Mycology and Biotechnology, Al-Azhar
University, Cairo, Egypt as Penicillium janthinellum and Peni-
cillium duclauxii. The effect of cadmium nitrate, sodium chlo-
ride, and sucrose concentration on secondary metabolites
produced by P. janthinellum and P. duclauxii was determined
Tables 1–12.Table 2 Secondary metabolites of P. janthinellum grown at
different concentrations of cadmium nitrate.
Secondary metabolites Cadmium nitrate concentration (%)
0 100 500 1000 2000
Cyclopenin + + + ND ND
Carlosic acid + + – ND ND
Erythroskyrin + – – ND ND
Frequentin – + – ND ND
Islandicin – + – ND ND
Kojic acid + – – ND ND
Patulin + – – ND ND
Unknown A + + + ND ND
Unknown B – + + ND ND
Unknown C + – – ND ND
ND, not detected.
Table 3 Culture characteristics of P. duclauxii grown at different c
Cadmium nitrate conc. (ppm) Culture characteristics
Mycelial weight (g100 ml) Colony di
Fresh Dry
0 5.5 1.8 2.7
100 5.2 1.7 2.5
500 5.0 1.6 2.3
1000 4.5 1.4 2.0
2000 3.5 0.9 1.63.1. Effect of cadmium nitrate
3.1.1. P. janthinellum
Mycelial weight, colony diameter, number of spores, and sec-
ondary metabolites of P. janthinellum were affected by cad-
mium nitrate (Tables 1 and 2). The results revealed that the
mycelial weight, colony diameter, and spores number of P.
janthinellum were decreased with the increasing cadmium ni-
trate concentration (Table 1). However, there was no growth
at 2000 ppm of cadmium nitrate. The best mycelial fresh and
dry weight, colony diameter, and spores number (3.8 g, 0.7 g,
3.5 cm, 88 · 105, respectively) were obtained on cadmium ni-
trate-free medium. However, the mycelial fresh and dry
weight, colony diameter, and spores number were 2.0 g,
0.5 g, 1.5 cm, 24 · 105, respectively, at 100 ppm, 1.5 g, 0.4 g,
1.2 cm, 15 · 105, respectively, at 500 ppm, and 1.2 g, 0.4 g,
0.7 cm, 12 · 105, respectively, at 1000 ppm of cadmium nitrate
(Table 1). The culture color of spores mass and reverse were
changed from blue and light red, respectively, on cadmium ni-
trate-free medium to light pink and yellow, respectively, on
cadmium nitrate-containing medium.
Secondary metabolites cyclopenin, carlosic acid, erythrosk-
yrin, kojic acid, patulin unknown (A) and unknown (C) were
produced by P. janthinellum on cadmium nitrate-free medium.
However, cyclopenin, carlosic acid, frequentin, islandicin, and
unknown (A) were produced at 100 ppm, and cyclopenin and
unknown (A) at 500 ppm cadmium nitrate (Table 2).
3.1.2. P. duclauxii
Mycelial weight, colony diameter, number of spores, and sec-
ondary metabolites of P. duclauxii were affected by concentra-
tion of cadmium nitrate (Tables 3 and 4). Mycelial weight,
colony diameter, and spores number of P. duclauxii were de-
creased with the increasing cadmium nitrate concentration
(Table 3). The best mycelial fresh and dry weight, colonyoncentrations of cadmium nitrate.
ameter (cm) Color of culture No. of spores (·105)/cm2
Spore mass Reverse
Green Light brown 94
Blue Light brown 93
Blue Light brown 91
Blue Light brown 88
Blue Light brown 81
Table 4 Secondary metabolites of P. duclauxii grown at
different concentrations of cadmium nitrate.
Secondary metabolites Cadmium nitrate concentration (%)
0 100 500 1000 2000
Brevianamide A + + + + ND
Citrinin + + – – ND
Duclauxin +    ND
Flavoskyrin + + +  ND
Mycophenolic acid  + + + ND
Patulin +    ND
Terrestic acid +    ND
Xanthomegin +    ND
Unknown A + + + + ND
Unknown B + + + + ND
Unknown C  + +  ND
ND, not detected.
242 M.E. Zain et al.diameter, and spores number (5.5 g, 1.8 g, 2.7 cm, 94 · 105,
respectively) were obtained on cadmium nitrate-free medium.
They were (5.2 g, 1.7 g, 2.5 cm, 93 · 105) at 100 ppm, (5.0 g,
1.6 g, 2.3 cm, 91 · 105) at 500 ppm, (4.5 g, 1.4 g, 2.0 cm,
88 · 105) at 1000 ppm and (3.5 g, 0.9 g, 1.6 cm, 81 · 105) at
2000 ppm of cadmium nitrate (Table 3).Table 5 Culture characteristics of P. janthinellum grown at differen
Sodium chloride conc. (%) Culture characteristics
Mycelial weight (g100 ml) Colony d
Fresh Dry
0.0 3.8 0.7 3.5
0.5 2.8 0.6 2.5
1.0 2.2 0.5 2.2
2.0 2.0 0.5 2.0
3.0 1.5 0.4 1.5
5.0 1.0 0.3 0.7
7.0 0 0 0
10.0 0 0 0
13.0 0 0 0
15.0 0 0 0
Table 6 The secondary metabolites of P. janthinellum grown at dif
Secondary metabolites Sodium chloride concentration (%)
0.0 0.5 1.0 2.
Cyclopenin + + + +
Carlosic acid + +  
Carolic acid   + +
Erythroskyrin + +  
Frequentin    +
Islandicin   + +
Kojic acid + + + +
Patulin + +  
Unknown A + + + +
Unknown B    
Unknown C + + + +
ND, not detected.On the other hand, the secondary metabolites produced by
P. duclauxii were 9 on cadmium nitrate-free medium, 7 on
medium containing 100 and 500 ppm of cadmium nitrate,
and 4 at 1000 ppm cadmium nitrate concentration (Table 4).
Secondary metabolites brevianamide A, unknown (A) and un-
known (B) were produced in the presence and absence of cad-
mium nitrate. The duclauxin, patulin, terrestic acid, and
xanthomegin were produced only on cadmium nitrate-free
medium. However, mycophenolic acid and unknown (C)
were produced only on cadmium nitrate-containing medium
(Table 4).
3.2. Effect of sodium chloride
3.2.1. P. janthinellum
Mycelial weight, colony diameter, number of spores, and sec-
ondary metabolites of P. janthinellum were affected by sodium
chloride concentration (Tables 5 and 6). The results revealed
that the mycelial weight, colony diameter, and spores number
of P. janthinellum were decreased with the increasing sodium
chloride concentration (Table 5). However, there was no
growth at 7%, or higher, of sodium chloride concentration.
The best mycelial fresh and dry weight, colony diameter, and
spores number (3.8 g, 0.7 g, 3.5 cm, 88 · 105, respectively) were
obtained at 0.0% concentration.t concentrations of sodium chloride.
iameter (cm) Color of culture No. of spores (·105)/cm2
Spore mass Reverse
Blue Reddish 88
Blue Reddish 86
Blue Reddish 64
Blue Reddish 63
Blue Reddish 44
Blue – 15
– – 0
– – 0
– – 0
– – 0
ferent concentrations of sodium chloride.
0 3.0 5.0 7.0 10.0 13.0
+  ND ND ND
  ND ND ND
+  ND ND ND
  ND ND ND
+  ND ND ND
+  ND ND ND
+ + ND ND ND
  ND ND ND
+ + ND ND ND
  ND ND ND
+ + ND ND ND
Table 8 Secondary metabolites of P. duclauxii grown at different concentrations of sodium chloride.
Secondary metabolites Sodium chloride concentration (%)
0.0 0.5 1.0 2.0 3.0 5.0 7.0 10.0
Brevianamide A + + + + + ND ND ND
Citrinin + + + + + ND ND ND
Duclauxin  + + +  ND ND ND
Flavoskyrin + + + +  ND ND ND
Mycophenolic acid  + + +  ND ND ND
Patulin +     ND ND ND
Terrestic acid +    + ND ND ND
Xanthomegin + + + + + ND ND ND
Unknown A + + + + + ND ND ND
Unknown B + + + +  ND ND ND
ND, not detected.
Table 9 Culture characteristics of P. janthinellum grown at different concentrations of sucrose.
Sucrose conc. (%) Culture characteristics
Mycelial weight (g100 ml) Colony diameter (cm) Color of culture No. of spores (·105)/cm2
Fresh Dry Spore mass Reverse
10 3.8 0.7 3.5 Blue Pink 88
20 2.0 0.5 2.5 Blue Brown 53
30 1.5 0.4 1.2 Blue Brown 44
40 1.3 0.4 0.7 Blue Brown 24
50 1.0 0.3 0.5 – – 6
60 0 0 0 – – 0
70 0 0 0 – – 0
80 0 0 0 – – 0
Table 7 Culture characteristics of P. duclauxii grown at different concentrations of sodium chloride.
Sodium chloride conc. (%) Culture characteristics
Mycelial weight (g100 ml) Colony diameter (cm) Color of culture No. of spores (·105)/cm2
Fresh Dry Spore mass Reverse
0.0 5.5 1.8 2.7 Green Light brown 94
0.5 5.2 1.7 2.0 Green Light brown 71
1.0 5.0 1.7 2.0 Green Light brown 64
2.0 3.5 0.9 1.5 Green Light brown 53
3.0 2.0 0.6 1.2 Green Light brown 44
5.0 1.5 0.4 5.0 Green – 13
7.0 1.0 0.3 0 – – 0
10.0 0 0 0 – – 0
13.0 0 0 0 – – 0
15.0 0 0 0 – – 0
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ter, and spores number were 2.8 g, 0.6 g, 2.5 cm, 86 · 105,
respectively, at 0.5%, 2.2 g, 0.5 g, 2.2 cm, 64 · 105, respec-
tively, at 1%, and 2.0 g, 0.5 g, 2.0 cm, 63 · 105, respectively,
at 2% sodium chloride (Table 5). The culture colors of spores
mass and reverse were similar; blue and reddish, respectively,
at all the investigated sodium chloride concentrations.
Secondary metabolites kojic acid, unknown (A) and un-
known (C) were produced at all the investigated concentra-tions of sodium chloride (Table 6). The cyclopenin was not
produced only at 0.5%. However, carlosic acid, erythroskyrin,
and patulin were produced only at 0.0% and 1.0%. The carolic
acid and islandicin were produced at 1%, 2%, and 3% and the
frequentin was produced only at 2% and 3% (Table 6).
3.2.2. P. duclauxii
Mycelial weight, colony diameter, number of spores, and
secondary metabolites of P. duclauxii were affected by
Table 12 Secondary metabolites of P. duclauxii grown at
different concentrations of sucrose.
Secondary metabolites Sucrose concentration (%)
10 20 30 40 50
Brevianamide A + + + + ND
Citrinin + + + – ND
Duclauxin – + + – ND
Flavoskyrin + + + + ND
Gentisic acid – + + – ND
Mycophenolic acid – + + – ND
Patulin + – – – ND
Terrestic acid + – – – ND
Xanthomegin + – – – ND
Unknown A + + + + ND
Unknown B + + + – ND
ND, not detected.
Table 10 Secondary metabolites of P. janthinellum grown at
different concentrations of sucrose.
Secondary metabolites Concentration of sucrose (%)
10 20 30 40 50
Cyclopenin + + +  ND
Carlosic acid + + + + ND
Erythroskyrin + +   ND
Kojic acid + + +  ND
Patulin + + +  ND
Unknown A + + +  ND
Unknown B     ND
Unknown C + + + + ND
ND, not detected.
244 M.E. Zain et al.concentration of sodium chloride (Tables 7 and 8).P. duclauxii
grown yeast extract sucrose medium showed no growth at
10%, 13%, and 15% sodium chloride. However, the growth
was very weak at 5% and 7%. Generally, the mycelial weight,
colony diameter, and spores number of P. duclauxii were de-
creased with the increasing sodium chloride concentration (Ta-
ble 7). The best mycelial fresh and dry weight, colony diameter,
and spores number (5.5 g, 1.8 g, 2.7 cm, 94 · 105, respectively)
were obtained at 0.0% concentration followed by (5.2 g, 1.7 g,
2.2 cm, 71 · 105) at 0.5%, (5.0 g, 1.7 g, 2.0 cm, 64 · 105) at 1%,
and (3.5 g, 0.9 g, 1.5 cm, 53 · 105) (Table 7).
On the other hand, the secondary metabolites produced by
P. duclauxii were 8 at 0.0%, 0.5%, 1.0%, and 2.0% sodium
chloride concentration and 4 at 3% (Table 8). Secondary
metabolites brevianamide A, Citrinin, xanthomegin and un-
known (A) were produced at all the investigated concentra-
tions of sodium chloride (Table 8). The ﬂavoskyrin and
unknown (B) were not produced only at 3% and duclauxin
and mycophenolic acid were not produced at 0.0% and 3%.
Interestingly, terrestic acid and patulin were produced only
on sodium chloride free medium, at 0.0% (Table 8) and they
were replaced by duclauxin and mycophenolic acid with the
addition of sodium chloride to the growth medium.
3.3. Effect of sucrose
3.3.1. P. janthinellum
Mycelial weight, colony diameter, number of spores, and
secondary metabolites of P. janthinellum were affected byTable 11 Culture characteristics of P. duclauxii grown at different
Sucrose conc. (%) Culture characteristics
Mycelial weight (g100 ml) Colony diame
Fresh Dry
10 5.5 1.8 2.7
20 5.5 1.8 2.5
30 5.0 1.6 2.2
40 2.8 0.7 1.5
50 1.5 0.4 1.1
60 1.0 0.3 0.2
70 0 0 0
80 0 0 0sucrose concentration (Tables 9 and 10). Results revealed that
the mycelial weight, colony diameter, and spores number of
P. janthinellum were decreased with the increasing sucrose
concentration (Table 9). However, there was no growth at
60%, or higher, of sucrose concentration. The best mycelial
fresh and dry weight, colony diameter, and spores number
(3.8 g, 0.7 g, 3.5 cm, 88 · 105 respectively) were obtained at
10% concentration. The culture spores mass color was blue
at all the investigated sucrose concentrations. However, the re-
verse color was pink at 10% sucrose and brown at the other
concentrations.
On the other hand, the secondary metabolites produced by
P. janthinellum were 7 at 10% and 20%, 6 at 30%, and 2 only
at 40% of sucrose concentrations (Table 10). Secondary
metabolites carlosic acid, erythroskyrin and unknown (C) were
produced at all sucrose concentrations. The cyclopenin, kojic
acid, patulin, and unknown A were produced at 10%, 20%,
and 30%. However, erythroskyrin was produced only at
10% and 20% sucrose concentrations (Table 10).
3.3.2. P. duclauxii
Mycelial weight, colony diameter, number of spores, and sec-
ondary metabolites of P. duclauxii were affected by concentra-
tion of sucrose (Tables 11 and 12). P. duclauxii grown yeast
extract sucrose medium showed no growth at 70% and 80%
sucrose concentration. Generally, the mycelial weight, colonyconcentrations of sucrose.
ter (cm) Color of culture No. of spores (·105)/cm2
Spore mass Reverse
Green Brown 94
Green Brown 86
Green Brown 63
Green Brown 53
Green Brown 38
– – 19
– – 0
– – 0
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with the increasing sucrose concentration (Table 11). The best
mycelial fresh and dry weight, colony diameter, and spores
number (5.5 g, 1.8 g, 2.7 cm, 94 · 105, respectively) were ob-
tained at 10% concentration followed by (5.5 g, 1.8 g,
2.5 cm, 86 · 105, respectively) at 20%. There were very weak
growth parameters (1.0 g, 0.3 g, 0.2 cm, 19 · 105) at 60% su-
crose concentration.
On the other hand, the secondary metabolites produced by
P. duclauxii were 8 at 10%, 20%, 30% sucrose concentration
and 3 at 40% (Table 12). Secondary metabolites brevianamide
A, ﬂavoskyrin, and unknown (A) were produced at 10%, 20%,
30%, and 40% sucrose concentration. However, citrinin and
unknown (B), were produced only at 10%, 20%, and 30%,
duclauxin, gentisic acid, and mycophenolic acid were produced
at 20% and 30%, and patulin, terrestic acid, and xanthomegin
were produced only at 10% sucrose concentration (Table 12).4. Discussion
The pattern of secondary metabolites production has for a
long time been of great use in the identiﬁcation and classiﬁca-
tion of lichens. This pattern has been used less in the taxon-
omy of ascomycetes and basidiomycetes, although it is well
known that these organisms produce a vast array of such
compounds (Carlile and Watkinson, 1994). Its potential in
ascomycete systematics is well illustrated by the chemotaxo-
nomic studies performed in Eurotiales (Frisvad and Filten-
borg, 1983, 1990; Frisvad, 1994) and in xylariales (Whalley
and Edwards, 1995).
However, Guarro et al. (1999) reported that the use of sec-
ondary metabolites in fungal taxonomy is not accepted be-
cause the production of these compounds can be affected by
environmental conditions. The results of the current study
showed that the growth parameters and the secondary metab-
olites of P. janthinellum and P. duclauxii were affected by cad-
mium nitrate, sodium chloride and sucrose concentrations.
The heavy metals are indicated to be harmful pollutants in
soils affecting the species compositions and functions of the
indigenous microorganisms including fungi (Atlas and Bartha,
1992). Heavy metals can variously inﬂuence the soil fungi: to
diminish their population, impoverish the diversity and to
change fungal morphology and physiology: to affect the
growth rate, reproduction processes, enzyme production, etc.
(Martino et al., 2000). The results of the current study showed
that the cadmium nitrate seriously decreased the growth
parameters and also affected on secondary metabolites pro-
duction of P. janthinellum and P. duclauxii.
The inﬂuence of sodium chloride and sucrose concentra-
tions on fungi has been extensively studied (Godinho and
Fox, 1981; Grifﬁn, 1994; Cho et al., 2002; Suhr et al., 2002;
Leite et al., 2003). The obtained results of this study revealed
that the mycelial weight, colony diameter and secondary
metabolites of P. janthinellum and P. duclauxii were signiﬁ-
cantly affected with the increasing sodium chloride and sucrose
concentrations. Accordingly, the secondary metabolites are
susceptible to the environmental conditions and their produc-
tion is restricted to certain conditions, therefore the use of sec-
ondary metabolites in fungal taxonomy should be coined with
conditions.References
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